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The mammalian sperm acrosome reaction (AR) is an essential event prior to sperm–egg fusion at fertilization, and it is
primarily dependent on an increase in intracellular Ca21 concentration ([Ca21]i). Spatiotemporal aspects of the [Ca21]i
increase during the AR induced by solubilized zona pellucida (ZP) in hamster spermatozoa were precisely investigated with
a Ca21 imaging technique using confocal laser scanning microscopy with two fluorescent Ca21 indicators. A rapid rise in
Ca21]i occurred immediately after the application of ZP solution through a micropipette. The rise was always initiated in
he sperm head, even when the application was directed toward the tail. The elevated [Ca21]i was little attenuated during
measurement for 30–40 s. Acrosomal exocytosis was detected as a sudden decrease of fluorescence in the acrosomal vesicle
;20 s after the onset of the [Ca21]i rise. High-resolution imaging revealed that the [Ca21]i rise in the sperm head began at the
egion around the equatorial segment and spread over the posterior region of the head within 0.6 s, whereas Ca21
concentration in the acrosomal vesicle appeared to be unaltered. The [Ca21]i rise was completely abolished under Ca21-free
xtracellular conditions, indicating that it is totally attributable to Ca21 influx. Nifedipine, an inhibitor of L-type Ca21
channels, did not affect the rising phase of the ZP-induced Ca21 response, but accelerated the decline of the [Ca21]i rise and
nhibited acrosomal exocytosis. The present study provides implicative information about the spatial organization of
unctional molecules involved in the signal transduction in mammalian AR. © 1999 Academic Press
21Key Words: acrosome reaction; hamster spermatozoa; intracellular Ca ; zona pellucida; confocal microscopy.
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Spermatozoa must undergo the acrosome reaction (AR)1
before contacting the egg plasma membrane at fertilization.
The AR of mammalian spermatozoa in vivo is thought to be
timulated by the binding to the extracellular matrix of the
gg, the zona pellucida (ZP). In vitro studies have shown
hat solubilized ZP or, more specifically, ZP3, one of the
ajor glycoproteins in ZP, can induce the AR of mamma-
1 Abbreviations used: AC, acrosomal cap; AR, acrosome reaction;
AV, acrosomal vesicle; [Ca21]i, intracellular Ca21 concentration;
G, Calcium Green-1; DIC, differential interference contrast; FR,
ura Red; ES, equatorial segment; mTALP, modified Tyrode’s
edium with bovine serum albumin, lactate, and pyruvate; PA,
ostacrosomal region; ZP, zona pellucida.
70ian spermatozoa in a species-specific manner (see Wasser-
ann, 1990).
The AR is the regulated exocytosis of the acrosomal
esicle (AV), and an increase in the intracellular Ca21
concentration ([Ca21]i) is the essential step in the process. It
as been reported that the application of solubilized ZP or
P3 increases [Ca21]i in spermatozoa of several mammalian
species, including bovine, murine, and human sperm
(Florman et al., 1989; Bailey and Storey, 1994; Brewis et al.,
1996). The binding of ZP to ZP receptors on the sperm
plasma membrane is thought to cause Ca21 influx via the
pathway that involves pertussis toxin-sensitive G proteins
(Florman et al., 1989; Bailey and Storey, 1994, Arnoult et
al., 1996b). Although the global patterns of ZP-induced
[Ca21]i increases in single bovine sperm have been reported
(Florman, 1994), detailed spatial information, such as the
0012-1606/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.
o
d
a
t
a
[
I
a
p
t
p
c
c
m
t
i
a
w
C
i
m
i
(
o
o
m
2
Z
e
o
p
t
p
t
71Ca21 Rise during Acrosome Reactioninitiation site of the [Ca21]i rise in the head, have not been
btained at present, probably because of the technical
ifficulties in the application of precise Ca21 imaging due to
the small size of spermatozoa. Such information would be
valuable for understanding the spatial organization of signal
transduction molecules in the induction of the AR, such as
ZP receptors and ionic channels on the plasma membrane.
In the present study, the patterns of ZP-induced [Ca21]i
rise in single hamster spermatozoa were precisely analyzed
with a Ca21 imaging technique implementing confocal laser
scanning microscopy. Two-emission ratio imaging with
two visible light-excitable fluorescent Ca21 indicators en-
bled us to investigate the spatial and temporal aspects of
he Ca21 response during the AR at improved resolution,
nd we successfully revealed that the initiation site of the
Ca21]i rise was located in the middle of the sperm head.
MATERIAL AND METHODS
Preparation of Spermatozoa
Sperm were collected from the caudae epididymides of male
golden hamsters by puncturing them with a 20-gauge needle.
About 50 ml of exudate was transferred to the bottom of a glass tube
and then 4 ml of mTALP medium (Ohzu and Yanagimachi, 1982)
was added gently. The composition of mTALP was (mM) NaCl
(125), KCl (2.7), CaCl2 (1.8), MgCl2 (0.5), NaH2PO4 (0.36), NaHCO3
(11.9), glucose (4.5), Na pyruvate (1.0), Na lactate (9.0), epinephrine
(0.05), hypotaurine (0.5), and bovine serum albumin (12 mg/ml).
Spermatozoa were allowed to swim up for 20–30 min at 37°C.
Highly motile sperm appeared in the upper 0.2 ml and were
transferred to a 1-ml glass tube filled with 0.8 ml of mTALP
containing 1.6 mM Calcium Green-1 (CG) AM (Molecular Probes,
Inc., Eugene, OR) and 1.2 mM Fura Red (FR) AM (Molecular Probes,
nc.), together with 0.01% Pluronic F-127 (Molecular Probes, Inc.),
nd incubated for 2–2.5 h at 37°C for loading the dyes.
Ca21 Imaging
The trough for Ca21 imaging experiments was fashioned from a
lastic plate (2 mm in thickness), and a glass slide was attached to
he bottom with silicon grease. The top was partly covered by a
oly-L-lysine-coated coverslip, leaving both sides of the trough
open to air for perfusing medium and approaching sperm with the
micropipette to apply ZP solution (see below). A suspension (100
ml) of sperm loaded with Ca21 indicators was gently transferred to
the bottom of the trough filled with experimental medium con-
taining (mM) NaCl (140), KCl (3.0), CaCl2 (1.5), Hepes–NaOH (10),
pH 7.3. Only highly motile spermatozoa swam up and stuck to the
coverslip on the top. Ca21 indicator dyes in the trough were
removed by perfusion of the experimental medium, which was
warmed up to keep the temperature in the trough at 30–33°C.
Experiments were performed in the spermatozoa that were stuck
mildly to the coverslip at the head or the proximal end of the tail
and were still beating the tail.
Calcium imaging with the upright confocal microscope
(LSM310; Carl Zeiss, Oberkochen, Germany) was basically similar
to that described previously (Shirakawa and Miyazaki, 1996). The
combination of CG and FR was suitable for two-emission ratio
imaging for the following reasons: (1) fluorescence of CG and FR
Copyright © 1999 by Academic Press. All rightincreases and decreases, respectively, when the dyes bind Ca21; (2)
their dissociation constants for Ca21 are comparable; (3) both dyes
an be excited by a single visible laser line; and (4) their fluores-
ence can easily separated by appropriate combination of a dichroic
irror and barrier filters, since the Stokes shift of FR is much larger
han that of CG. An Apochromat 633 objective lens (NA 1.4, oil
mmersion; Carl Zeiss) was used for all experiments. The 488-nm
rgon laser was used for excitation and the emitted fluorescence
as split with a dichroic mirror of 580 nm. Fluorescence images of
G and FR were constructed as 8-bit digital images (64 3 64, 128 3
128, or 256 3 256 pixels) from the signals detected with two
separate photomultiplier tubes after passing through a band-pass
filter of 515–565 nm and a long-pass filter of 590 nm, respectively.
No significant crossover between the two signals was present
under our experimental conditions. After the application of a
noise-reduction filter (3 3 3 median filter) to the fluorescence
mages, ratio images (CG/FR) were calculated in a pixel-to-pixel
anner as the index of [Ca21]i. Processing and measurements of
mages were performed using a customized version of NIH Image
public domain software developed at the U.S. National Institutes
f Health) on a Macintosh computer.
Preparation of ZP Solution
Mature eggs were collected from the oviducts of superovulated
female golden hamsters. After the enzymatic dispersal of cumulus
cells with 0.05% hyaluronidase (P-L Biochemicals, Milwaukee,
WI), ZP was mechanically removed from the eggs by pipetting with
a glass micropipette with an approximately 80-mm opening. Zonae
from 40 to 80 eggs were pelleted in a 1-ml Eppendorf tube and
solubilized by adding Ca21-deprived acidic medium (140 mM NaCl,
3.0 mM KCl, 0.1 N HCl, pH 1.0) to give 20 ZP/ml in a total volume
f 2–4 ml. After incubation for 40 min at room temperature for
complete solubilization, the solution was neutralized with a nine-
fold volume of Ca21-deprived basic medium (140 mM NaCl, 3.0
M KCl, 11.1 mM Hepes, 18 mM NaOH, pH 11.5) and stored at
80°C as stock ZP solution. Before application to sperm, the stock
P solution was diluted to 1 ZP/ml with experimental medium
supplemented with extra CaCl2, to give 1.5 mM CaCl2 as the final
concentration, or with Ca21-free experimental medium supple-
mented with 1 mM EGTA for the experiments under Ca21-free
xtracellular conditions.
Diluted ZP solution was put in a glass micropipette with an
pening of 2–3 mm in diameter. The tip of the micropipette was
laced close (5–10 mm) to the sperm under observation, and then
he content of the micropipette was ejected toward the sperm with
ositive pressure applied by a syringe pump.
RESULTS
Distribution of Fluorescence of Ca21 Indicators in
he Sperm Head
Figure 1 shows the fluorescence and the ratio images of
the sperm head loaded with Ca21 indicator dyes. Fluores-
cence of CG (Fig. 1A) and FR (Fig. 1B) was distributed
unevenly in the acrosomal cap (AC), equatorial segment
(ES), and postacrosomal regions (PA) (see Figs. 1D and 1E for
the regions). Obviously, fluorescence intensities at the AC
were higher than those at the other regions for both dyes.
Since the majority of this region is occupied by the AV
s of reproduction in any form reserved.
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73Ca21 Rise during Acrosome Reaction(Yanagimachi and Noda, 1970), the source of fluorescence
at the AC is thought to be mostly the dyes incorporated into
the AV. This was supported by the result that mild perme-
abilization of plasma membrane by digitonin did not cause
any loss of fluorescence at the AC, while fluorescence in
the PA was significantly decreased (data not shown). Indi-
cator molecules may enter the nucleus across the nuclear
envelope before the hydrolysis by esterases in the cyto-
plasm or through the nuclear pores. Fluorescence signals in
the PA, therefore, should be considered as the combination
of those from the cytoplasm and the nucleus, although the
proportion was unknown.
When the fluorescence ratio (CG/FR) was calculated in a
pixel-to-pixel manner, the ratio at the AC was significantly
lower than the PA (Fig. 1C). The reason could be the lower
concentration of free Ca21 in the AV and/or the higher
egree of incorporation of FR molecules into the AV com-
ared to CG, but there is no direct evidence to conclude
hich is correct. It is unlikely that the AV contains a high
nough concentration of Ca21 to serve as an intracellular
store, since FR, which is largely quenched at micromolar
Ca21 concentration, showed strong fluorescence in the AV
Fig. 1B, see Discussion). It is reasonable that the ratio at the
S was between those at the AC and at the PA, since this
egment is composed of the nucleus and the cytoplasm
urrounded by a small volume of AV (Yanagimachi and
oda, 1970).
Changes in Fluorescence in Response to ZP
The application of ZP solution (1 ZP/ml in the pipette)
toward the sperm head caused rapid changes in the fluores-
cence intensities of both CG and FR at the PA (Fig. 2A,
black arrow). The changes were small but in opposite
directions for two Ca21 indicators, and, therefore, an in-
rease in the ratio values can be clearly detected, indicating
large increase in [Ca21]i. The elevated [Ca21]i level was
ustained, or slightly attenuated, during measurement for
0 s. Then [Ca21]i decayed slowly and returned to the basal
level after 3–5 min (not shown). At the AC, fluorescence of
both dyes decreased gradually at similar rates due to pho-
tobleaching of dyes by laser irradiation, and the ratio
showed no substantial changes in response to ZP applica-
tion (Fig. 2B), indicating that [Ca21]i in the AV was neither
increased nor decreased. The apparent increases in [Ca21]i in
the head following application of ZP were detected in
approximately 60% of spermatozoa examined (n 5 81,
able 1), and the peak ratio value was 2.8 6 0.6 at PA
mean 6 SD, n 5 50).
While [Ca21]i was kept elevated in the PA, a sudden
decrease in fluorescence intensities for both dyes at the AC
was occasionally detected (Fig. 2B, white arrow). Since
fluorescence intensities at the PA did not show such
changes at this moment, this probably indicates the leakage
of dyes from the AV to the extracellular space as the result
of the initiation of the acrosomal exocytosis. This pattern of
change in fluorescence was observed only in the spermato-
r
o
Copyright © 1999 by Academic Press. All rightzoa that showed significant [Ca21]i increases, and the mean
latency after the onset of [Ca21]i rise was 22 s (Table 1). In
Fig. 2B, an apparent increase in the ratio CG/FR coincided
with the decrease in CG and FR fluorescence. This is
probably due to Ca21 entry from the extracellular medium
into the AV during exocytosis.
Initiation Site of ZP-Induced Ca21 Response
Global and local patterns of ZP-induced [Ca21]i increases
ere then investigated with ratio imaging in the low- and
igh-magnification time series (Fig. 3). The [Ca21]i rise was
always initiated in the head, even when the flow of ZP
solution out of the pipette was directed toward the middle
of the tail (Fig. 3A). This is consistent with the idea that ZP
receptor molecules are localized on the plasma membrane
of the head, which is the region that binds to the ZP at
fertilization. [Ca21]i in the tail substantially increased sev-
eral seconds later (Fig. 3A, right).
Figure 3B shows a detailed examination of the rising
phase of the Ca21 response in a high-resolution time series
FIG. 2. Representative time course of the changes in fluorescence
intensities of CG (thin solid line) and FR (thin dashed line), and
ratio values (thick solid line), in response to the application of ZP
solution. Averaged values in PA (A) and AC (B) of the same
spermatozoon were plotted. Fluorescence intensities were plotted
in log scale. Black and white arrows indicate the onset of the [Ca21]
ise in PA and of the decrease in fluorescence suggesting acrosomal
xocytosis, respectively.estricted to sperm head. It was clearly revealed that the site
f the initial [Ca21]i rise was located in the middle region of
s of reproduction in any form reserved.
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74 Shirakawa and Miyazakithe head (Fig. 3B). The [Ca21]i rise had been spread over PA
by 0.6 s. Similar spatial patterns were identified in 11 of 17
sperm which showed a [Ca21]i rise during fast recording of
mages at intervals of 0.3 s or shorter. Figure 4 shows the
patial profile of ratio values on a longitudinal line along
he sperm head (dashed line in the left panel of Fig. 3B). For
he first 0.3 s, the increase in ratio values at the anterior
egion of the PA was prominent (from 1.5 right before the
nset to 2.5). Ratio values at the ES appeared to be increased
s well during this period (from 0.8 to 1.2), although the
bsolute values were lower compared to the PA. It can be
oncluded, therefore, that the initiation site of the ZP-
nduced [Ca21]i rise was located around the boundary be-
ween the ES and the PA. The ratio values in the posterior
A were increased to a level comparable with those in the
nterior PA at 0.6 s. In contrast, the increase was less
arked in the middle piece of the tail.
Effects of Extracellular Ca21 and Ca21 Channel
locker
No [Ca21]i rise was observed during the application of ZP
olution when Ca21 was deprived from extracellular me-
dium (n 5 18, Fig. 5), indicating that the increased [Ca21]i
during the AR is totally due to Ca21 influx. Any small
nd/or local elevation that might indicate Ca21 release from
intracellular stores was not found in the ratio images at the
present spatial and temporal resolution.
Nifedipine (10 mM) did not affect the percentage of cells
hat showed Ca21 responses to ZP (Table 1). Neither the
peak amplitude nor the rate of the [Ca21]i rise was affected
by nifedipine (Table 1). Furthermore, the spatiotemporal
pattern of the initiation and the propagation of the [Ca21]i
rise (Fig. 3C) was essentially the same as in the control (Fig.
TABLE 1
Summary of ZP-Induced [Ca21]i Rise and Acrosomal Exocytosis
Treatment
Ca21 re
Frequency Amplitude Ra
1 ZP/ml 50/81 (62%) 1.55 6 0.46
110 mM nifedipine 12/21 (57%) 1.56 6 0.32
2Ca (11 mM EGTA) 0/18 (0%) —
0 ZP/ml 0/14 (0%) —
Note. Values of parameters characterizing the Ca21 responses are
he fluorescence ratio at the PA region of spermatozoa, which show
between the resting and the peak ratio values. The rates of rise an
points for 2 s from the onset and for 15 s from the peak of the [
examined only in the experiments in which fluorescence images
latency represent the interval between the onsets of the [Ca21]i rise
(see text).
a Significantly different (t test, P , 0.001).3B). On the other hand, the decay of the [Ca21]i rise was
ccelerated, as shown in Fig. 5. The rate of decay from the
Copyright © 1999 by Academic Press. All righteak [Ca21]i, evaluated as the slope of the regression line
fitted to values for 15 s after the peak, was threefold faster
than in the control (Table 1). Thus nifedipine-sensitive Ca21
channels, possibly L-type Ca21 channels, may play a role to
prolong the duration of the elevation of [Ca21]i, but not in
the initial phase of the response. Sustained elevation of
[Ca21]i by prolonged Ca21 influx through such channels
ppeared to be necessary for the induction of the AR, since
crosomal exocytosis was detected in only 1 of 12 sperma-
ozoa which showed a significant [Ca21]i rise in the presence
f nifedipine (Table 1).
DISCUSSION
In the present study, we succeeded in demonstrating
clearly that the [Ca21]i rise induced by ZP in the hamster
sperm was initiated around the ES, using fluorescence Ca21
imaging technique with confocal optics. In addition, we
obtained the temporal delay between the onset of [Ca21]i
rise and the initiation of the acrosomal exocytosis, not the
completion of the AR by morphological observations.
Ca21 Imaging Using Two Indicators with Confocal
Microscopy
Laser scanning confocal microscopy is the method widely
used in the studies to observe subcellular localization of
fluorescence of, for example, labeled proteins or indicators
for intracellular ions, because of its greatly improved axial
resolution. Although its power is most prominent for speci-
mens such as large cells and thick tissues, there are some
advantages over conventional fluorescence microscopy in
the observation of small cells like spermatozoa. Image
contrast should be better and the lateral resolution can be
se Exocytosis
rise (s21) Rate of decay (s21) Frequency Latency (s)
6 0.12 0.02 6 0.01a 23/38 (61%) 22 6 8
6 0.10 0.06 6 0.02a 1/12 (6%) 18
— — — —
— — — —
ented as the means 6 SD, based on the temporal measurements of
pparent [Ca21]i increases. The amplitude represents the difference
ay were obtained from the slopes of regression lines fitted to data
]i rise, respectively. The occurrence of acrosomal exocytosis was
recorded for 40–60 s after the onset of the [Ca21]i rise. Values of
the sudden decrease in fluorescence of both dyes at the AC regionspon
te of
0.49
0.51
pres
ed a
d dec
Ca21
were
and1.4-fold greater than with conventional fluorescence mi-
croscopy (Inoue´, 1995).
s of reproduction in any form reserved.
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75Ca21 Rise during Acrosome ReactionFIG. 3. Spatial patterns of ZP-induced [Ca21]i increases. DIC images (left) and series of ratio images during the response to the application
f ZP solution are shown. The zero time represents the moment at which the resting image right before the onset of the [Ca21]i rise was
ecorded. (A) Low-magnification series showing Ca21 response following ZP application directed toward the middle of the tail. (B)
High-resolution series showing the rising phase of Ca21 response in the head at the interval of 0.3 s. (C) Representative series showing the
ising phase of the Ca21 response in the presence of 10 mM nifedipine. The application of ZP was directed toward the head in B and C. Scale
bars, 20 mm in A, 5 mm in B and C.
Copyright © 1999 by Academic Press. All rights of reproduction in any form reserved.
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76 Shirakawa and MiyazakiAs for the fluorescence ratio imaging for intracellular
ions, the two-emission ratioing method obviously has
an advantage in terms of temporal resolution over the
two-excitation ratioing method, since it is free from the
delay due to mechanical switching of excitation light. In
two-emission ratioing with conventional fluorescence
microscopy, the difficulty in geometrical matching of
all the corresponding pixels in two images recorded
with two separate cameras will cause a reduction in the
spatial resolution. In a laser scanning system, how-
ever, such matching is quite easy, because the emis-
sion of fluorophores excited by the laser spot at a cer-
tain point will simply be split into two bands with a
dichroic mirror and can be monitored absolutely simul-
taneously with two photomultiplier tubes. Thus, two-
emission ratio imaging in laser scanning confocal micros-
copy would give the best cancellation of laser fluctuation
or movement of the specimen as in motile cells like
spermatozoa.
Ratio imaging using two dyes in the present study is
not appropriate to compare [Ca21] i between different sub-
ellular compartments in absolute terms, since the dis-
ribution of those dyes in the cell cannot be exactly the
ame. For the purpose of investigating the time course of
he changes in [Ca21] i with better quality, we chose this
method, not ratio imaging of indo-1 with the UV laser,
because of many advantages such as better signal-to-
noise ratio by reason of higher quantum efficiency,
slower rate of photobleaching, and less cytotoxicity of
the visible laser compared to the UV laser. In our prelim-
inary experiments, imaging of hamster spermatozoa us-
ing indo-1 with confocal microscopy, or even that using
fura-2 with conventional microscopy, caused spontane-
ous (pseudo) AR without ZP application, which would be
due to the cytotoxic UV irradiation.
FIG. 4. Spatial profile plots of ratio values along the longitudinal
axis of the head (dashed line in the DIC image in Fig. 3B). Data at
0 s (dotted line), 0.3 s (solid line), and 0.6 s (dashed line) were
obtained from the corresponding ratio images in Fig. 3B. Bars under
the graph indicate subcellular regions of the sperm. See text for
abbreviations.
Copyright © 1999 by Academic Press. All rightSpatial Aspects of the Initiation [Ca21]i Rise in the
Head
Spermatozoa have a characteristic highly organized struc-
ture that is specialized for fertilization. Therefore, the local-
ization of molecules involved in signal transduction path-
ways, as well as those for the maintenance of the cell
structure, is expected to be strictly determined and conserved
among individuals. The present result that the [Ca21]i rise in
the sperm head in response to ZP was initiated around the ES
indicates the localization of some element(s) in signal trans-
duction during the AR in this region. Such elements might be
the ZP receptors, or probably ZP3 receptors, on the plasma
membrane. Several proteins are known as candidate ZP3-
binding molecules in mammalian species (reviewed in McLes-
key et al., 1998), such as galactosyltransferase (Shur and Hall,
1982), sp56 (Bleil and Wassarman, 1990), zona receptor kinase
(Leyton et al., 1992), and spermadhesin (Calvete et al., 1993).
None of these proteins, however, are distributed preferentially
in the ES region (Moore et al., 1987; Shaper et al., 1990;
Bookbinder et al., 1995; Dosta`lova` et al., 1995). As another
possibility, Ca21-permeable channel proteins responsible for
he initial rise of [Ca21]i may be localized around the ES.
Interestingly, progesterone, which stimulates the AR in mam-
malian sperm (Osman et al., 1989; Roldan et al., 1994), has
een shown to induce a [Ca21]i rise, which was initiated in the
middle of the human sperm head (Meizel et al., 1997). These
pathways leading to the acrosomal exocytosis induced by
different stimulants, ZP and progesterone, may share the
same type of channels located around the ES region.
Route of Ca21 Mobilization during Acrosome
eaction
FIG. 5. Effects of extracellular Ca21 and nifedipine. The graph
shows the time course of ZP-induced [Ca21]i increases in the
presence (circles) and the absence (squares) of extracellular Ca21
and in the presence of 10 mM nifedipine (triangles).The present result that the deprivation of extracellular
Ca21 completely abolished the [Ca21]i rise in response to ZP
s of reproduction in any form reserved.
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77Ca21 Rise during Acrosome Reactionapplication is consistent with the requirement of extracel-
lular Ca21 for the AR as confirmed in spermatozoa of many
mammalian species (see Yanagimachi, 1994). It is reason-
able to conclude that the source of increased [Ca21]i during
he AR is totally Ca21 influx through Ca21-permeable chan-
nels, although the possibility of the existence of some Ca21
release mechanisms cannot be excluded by the present
results, if it would require increased [Ca21]i by Ca21 influx
to be primed. An inositol 1,4,5-trisphosphate receptor/Ca21
channel has been reported to be present on the acrosomal
membrane in mammalian spermatozoa (Walensky and Sny-
der, 1995), suggesting a role of the AV as the intracellular
Ca21 store. It is unlikely, however, that Ca21 concentration
n the AV at resting state is high enough to serve as an
ntracellular Ca21 store, as suggested by the Ca21 measure-
ment of hamster sperm using indo-1 (Suarez and Dai, 1995)
and by our present result (Fig. 1). No decrease of [Ca21] in
the AV was detected following application of ZP, either
(Fig. 2B).
Several investigators have reported that mammalian
sperm possess voltage-sensitive Ca21 channels (Babcock
and Pfeiffer, 1987; Cox and Peterson, 1989; Florman
et al., 1992; Tiwari-Woodruff and Cox, 1995) and that
L-type Ca21 channel blockers inhibit both ZP-induced
R and [Ca21] i rise (Clark et al., 1993; Florman, 1994;
Arnoult et al., 1996b). In the mouse sperm, T-type
Ca21 channels have been suggested to play a role in the
R (Arnoult et al., 1996a). Our experiments using nifed-
pine suggested the involvement of L-type Ca21 channels
n the prolongation, but not in the initiation, of ZP-
nduced [Ca21] i rise. To initiate the AR in hamster
perm, it appeared to be necessary for [Ca21] i to be kept
elevated long enough by Ca21 influx through L-type Ca21
channels. Further studies are required to characterize
Ca21-permeable channels responsible for the initiation
f ZP-induced [Ca21] i rise. Our preliminary experiments
bout the effects of divalent cations suggested that
uch channels may be poorly selective for divalent cat-
ons, since, whereas Cd21 weakly blocked the initial
Ca21] i rise, Co21 entered into sperm and quenched
the fluorescence of CG in response to ZP. The spatial
information provided by the present study will be help-
ful for the investigations to identify the channels in-
volved in mammalian AR by, for example, patch-clamp
techniques.
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